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(54) Oxygen free plasma stripping process 



(57) A method for stripping photoresist 1 6 and/or re- 
moving post etch residues from an exposed low k die- 
lectric layer 14 of a semiconductor wafer 98 in the pres- 
ence or absence of copper. The method comprises cre- 
ating an oxygen free plasma by subjecting an oxygen 
free gas to an energy source to generate the plasma 
having electrically neutral and charged particles. The 
charged particles are then selectively removed from the 



plasma. The electrically neutral particles react with the 
photoresist 1 6 and/or post etch residues to form volatile 
gases which are then removed from the wafer 98 by a 
gas stream. The oxygen free, plasma gas composition 
for stripping photoresist 16 and/or post etch residues 
comprises a hydrogen bearing gas and a fluorine bear- 
ing wherein the fluorine bearing gas is less than about 
10 percent by volume of the total gas composition. 
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Description 

Field of Invention 

[0001] This invention relates generally to a plasma 
stripping process. More particularly, this invention re- 
lates to an oxygen tree plasma process for removing 
photoresist and/or etch residues from low k dielectric 
surfaces or in the presence of low k dielectric materials 
during integrated circuit manufacturing. The gas for gen- 
erating the oxygen free plasma comprises a mixture of 
a hydrogen bearing gas and a fluorine bearing gas. 

Background of the Invention 

[0002] Integrated circuits are now transitioning from 
aluminum to copper metal interconnects as device gen- 
eration goes beyond the 0.35Om design rules. Alumi- 
num metal is limited for these design rules due to its 
inability to reliably carry current in smaller sized circuit 
lines. Copper has lower resistivity than aluminum so it 
can carry more current in a smaller area, thus enabling 
faster and denser chips with increased computing pow- 
er. Moreover, the use of copper simplifies interconnect 
routing. This reduces the number of interconnect levels 
required and consequently removes numerous process 
steps which directly impact the device yield. Beyond the 
0.25<Dm generation, current densities can reach levels 
that induce electromigratbn failure of traditional doped- 
aluminum conductors. The increased electromig ration 
resistance of copper relative to aluminum overcomes 
this limitation, which primarily impacts the finest pitch 
lines found at the lower interconnect levels. Thus, cop- 
per is becoming the preferred conductor for integrated 
circuits. 

[0003] Along with the transition from aluminum to cop- 
per is the improvement upon the dielectric insulating lay- 
ers. Silicon dioxide has been traditionally used as the 
primary material used for insulators and has a dielectric 
constant of about 3.9. New insulating materials for in- 
terconnects such as low k dielectrics have been pro- 
posed, which lower interconnect capacitance and cross- 
talk noise to enhance circuit performance. These low k 
dielectrics typically comprise organic polymers and 
have dielectric constants less than about 3.5. Some ex- 
amples of low k dielectrics include polyimide, fluorocar- 
bons, parylene, hydrogen silsesquioxanes, benzocy- 
clobutenes or the like. 

[0004] Fabrication of integrated circuits using copper 
interconnects and low k dielectrics present new chal- 
lenges and problems for the semiconductor manufac- 
turer. In order to make these devices, the manufacturers 
commonly use a damascene process. The damascene 
process uses most of the same chipmaking technolo- 
gies to form the interconnect as the traditional structure 
but differs in the way the structure is built. Instead of 
etching a pattern in a metal film and surrounding it with 
dielectric material, a damascene process etches a pat- 



tern into a dielectric film, then fills the pattern with cop- 
per. An advantage to damascene processing is that the 
metal etch is replaced by a simpler dielectric etch as the 
critical step that defines the width and spacing of the 

5 interconnect lines. One of the problems manufacturers 
must overcome occurs after the pattern is etched into 
the low k dielectric layer. The photoresist used to define 
the metal circuit pattern into the low k dielectric layer 
and any post etch residues including sidewall polymer 

10 deposition need to be throughly removed or stripped 
from the underlying layer. The existing stripping proc- 
esses are not adequate for removing photoresist and 
post etch residues from low k dielectric surfaces. 
[0005] There are two generally recognized stripping 

is processes for removing photoresist and post etch resi- 
dues remaining on the surface after the dielectrics etch 
is complete. The residual photoresist and post etch res- 
idues can be removed by using either a wet or a dry 
chemistry. Wet chemistry involves removing photoresist 

20 and post etch residues by dissolution in a suitable or- 
ganic solvent. However, the cost of wet chemistry, envi- 
ronmental concerns with its use and contamination is- 
sues have led most manufacturers to use a dry process. 
One such dry process is commonly referred to as ash- 

2S ing. 

[0006] Ashing is a technique or process by which the 
residual photoresist and post etch residues are exposed 
to a plasma. Typically, the plasma is generated from a 
gas mixture containing oxygen gas as one of its compo- 

30 nents. The highly reactive oxygen plasma reacts with or 
oxidizes the organic photoresist layer. The oxidation or 
combustion products resulting from the ashing opera- 
tion are volatile components such as carbon dioxide and 
water vapor, and are carried away in a gas stream. Ash- 

35 ing is preferred to wet chemical removal because fewer 
process steps are involved, less handling of the sub- 
strates is required, chemicals and chemical handling 
equipment are reduced, and ashing is more environ- 
mentally acceptable. 

40 [0007] One problem with oxygen containing plasmas 
is that they are generally unsuitable for use with copper 
and most low k interconnects. The etch selectivity of the 
oxygen containing plasma with low k dielectric materials 
is generally poor, especially for those low k dielectrics 

45 that are organic. The materials used for the photoresists 
are similar to those used for the low k dielectric materi- 
als. That is, both materials are easily oxidized by an ox- 
ygen containing plasma to form volatile by-products. As 
a result, the low k materials are removed at roughly the 

50 same rate as photoresist by an oxygen plasma, making 
the ash selectivity of photoresist to low k materials close 
to unity. Even using very dilute oxygen mixtures, which 
at the same time significantly slows the ashing reaction, 
has not overcome this problem. The challenge is to re- 

55 move photoresist and post etch residues subsequent to 
lithography and etch processes without affecting the 
pattern etched into the low k dielectric layer. Small de- 
viations in the etched profiles can adversely impact de- 
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vice performance, yield and reliability of the final inte- 
grated circuit. 

[0008] Copper is a readily oxidizable, ductile material 
and as such, is prone to oxidation with the use of oxygen 
containing plasmas. The build-up of copper oxide from 
exposure to oxygen containing plasmas is detrimental 
to device performance. Higher contact resistance re- 
sults which impedes the flow of current through ihe in- 
tegrated circuit. Consequently, clock speed and elec- 
tromigration can be affected. 

[0009] Another problem with the use of the oxygen 
plasma on low k dielectric layers is that the oxygen plas- 
ma has been found to change the dielectric constant 
during ashing. For example, it has been found that 
doped oxide low k materials, such as nanoglasses and 
aerogels, exposed to the oxygen containing plasma re- 
sult in an increase in the dielectric constant. An increase 
in dielectric constant undesirably affects interconnect 
capacitance and cross talk. It is believed that this is due 
to the oxidation of the Si-H and Si -OH bonds to form Si- 
O bonds. Still further, the use of an oxygen plasma with 
integrated circuits having copper as the interconnect 
tends to oxidize the exposed copper surface and dele- 
teriously affect device performance. 
[0010] U.S. Patent No. 4,201 ,579 discloses a method 
for removing photoresist from a substrate by a hydrogen 
plasma. The hydrogen plasma removes photoresist 
from an easily oxidizable metal surface sucn as gold, 
silver, copper and the like. The patented process is com- 
paratively slow, not amenable to high inroughput 
processing and not effective for removing most residues 
from the semiconductor wafer. 

[0011] Accordingly, it is an object of this invention to 
provide a high throughput dry ashing process with high 
selectivity for removing photoresist and post etch resi- 
dues from integrated devices having copper intercon- 
nects and low k dielectric insulating layers, his a further 
object of this invention to provide a process that is non- 
oxidative such that any exposed copper interconnects 
are not oxidized during the ashing process Moreover, 
it is another aspect of this invention that the novel ashing 
processes remove any native oxide thai may have 
formed on the exposed copper interconnects, thus im- 
proving device performance. 

Summary of the Invention 

[0012] In general, the present invention Is directed to 
a method for stripping photoresist and/or post etch res- 
idues from a substrate. The photoresist and post etch 
residues are removed from the substrate by exposure 
to an oxygen free plasma. The oxygen free plasma is 
generated by exposing a plasma gas composition to a 
microwave source. A preferred plasma gas composition 
comprises a mixture of a hydrogen bearing gas and a 
fluorine bearing gas. 

[001 3] The inventive method includes placing at least 
one substrate having photoresist and/or post etch resi- 



dues thereon into a plasma reaction chamber. A reactive 
species is formed by generating a plasma in the ab- 
sence of oxygen wherein a gas for generating the plas- 
ma comprises a hydrogen bearing gas and a fluorine 
s bearing gas. The reactive species generated by the mix- 
ture removes the photoresist by reacting to form volatile 
products. The post etch residues are removed by vola- 
tilization in the reaction chamber or by weakening ad- 
hesion to the substrate or by becoming water soluble. 
10 The residues not volatilized are subsequently removed 
in a deionized water rinse step. The stripping process 
continues until the volatile reaction products from the 
reaction between the photoresist and/or post etch resi- 
dues are no longer evolved or the photoresist and/or 
15 etch residues are rendered water removable. 

[0014] The fluorine bearing gas includes those com- 
pounds that generate a fluorine reactive species when 
excited by the plasma. Preferably, the fluorine bearing 
gas is selected from the group consisting of C x H y F 2 
wherein x ranges from 1 to 4, y ranges from 0 to 9 and 
z ranges from 1 to 10, NF 3 , F 2 , andSF 6 . More preferably, 
the fluorine compound is CF 4 or CHF 3 . 
[001 5] The hydrogen bearing gas is selected from the 
group consisting of a hydrocarbon, hydrofluorocarbons, 
hydrogen gas or a hydrogen gas mixture. The hydrocar- 
bon may be unsubstituted or may be partially substituted 
with a halogen such as bromine, chlorine or fluorine, or 
with oxygen, nitrogen, hydroxyl and amine groups. Pref- 
erably, the hydrocarbon has at least one hydrogen and 
has from one to twelve carbon atoms. Examples of suit- 
able hydrogen bearing gases include methane, ethane, 
and propane. The hydrogen gas mixture is preferably a 
mixture of hydrogen gas and an inert gas such as nitro- 
gen, argon, helium, and neon. Preferably, the hydrogen 
gas mixture is a so-called forming gas which comprises 
a mixture of the hydrogen gas with the nitrogen gas. For 
a non-load locked plasma chamber configuration, the 
hydrogen gas ranges in an amount from about 3 percent 
to about 5 percent by volume of the forming gas for safe- 
ty considerations. 

[0016] In a particularly preferred embodiment, the 
plasma gas comprises a mixture of a forming gas and a 
carbon tetrafluoride gas. The preferred forming gas 
comprises a mixture of a hydrogen gas and a nitrogen 
gas wherein the hydrogen gas ranges in an amount from 
about 3 percent to about 5 percent by volume of the 
forming gas. The carbon tetrafluoride gas is less than 
about 1 0 percent by volume of the total plasma gas. The 
substrates to be stripped by the plasma are preferably 
heated from about 80°C to about 350°C to accelerate 
the reaction time and maximize throughput. For organic 
low k materials the wafers are preferably heated from 
about 80 9 C to about 180°C. The plasma produces flu- 
orine and hydrogen reactive species that are electrically 
neutral and charged particles thereof. The charged par- 
ticles are selectively removed prior to reaching the re- 
action chamber. The neutral species of the plasma re- 
acts with the photoresist and the post etch residues to 
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produce volatile alkanes. More preferably, the neutral 
species reacts with the photoresist and the post etch 
residues to produce methane gas as the principal reac- 
tion product. Preferably the etching selectivity of the 
plasma between the photoresist and/or post etch resi- 5 
dues, and a substrate is at least greater than about 10 
to 1. 

[0017] In a preferred embodiment the photoresist 
and/or post etch residues are removed from a low k di- 
electric layer. A dielectric constant of the low k dielectric 10 
layer advantageously remains constant before and after 
removing the photoresist and the post etch residues. 
[001 8] In another embodiment, an ashing method for 
stripping photoresist and removing post etch residues 
from a low k dielectric layer comprises selectively ashing is 
the photoresist and/or post etch residues to form meth- 
ane gas as a principal ashing reaction product. Subse- 
quent rinsing with deionized water may be added to re- 
move any residues from the wafer after ashing is com- 
plete. 20 
[0019] The present invention is advantageous in that 
it uses an oxygen free plasma gas composition for gen- 
erating an oxygen free plasma to strip photoresist and/ 
or post etch residues from low k dielectric surfaces and 
simultaneously clean any exposed copper surfaces. 25 
High etch selectivity in excess of about 10:1 and fast 
throughput can be obtained for a variety of low k sub- 
strates with the inventive process and gas composi- 
tions. In addition, the plasma reacts with photoresist 
and/or residues to produce volatile alkane reaction 30 
products that provide a signal that can be easily moni- 
tored so that overetching, especially on the low k die- 
lectrics layers, is prevented. Moreover, the use of the 
gas mixture comprising fluorine and hydrogen bearing 
gases removes silicon containing post etch residues 35 
that are traditionally very difficult to remove. Subsequent 
rinsing with deionized water may be added to remove 
any remaining residues from the wafer after the plasma 
stripping process is completed. The inventive process 
is economical and easily adaptable to a variety of plas- *o 
ma ashers. 

[0020] Other embodiments of the invention are con- 
templated to provide particular features and structural 
variants of the basic elements. The specific embodi- 
ments referred to as well as possible variations and the 45 
various features and advantages of the invention will be- 
come better understood when considered in connection 
with the accompanying drawings and the detailed de- 
scription that follows. 

so 

Brief Description of the Drawings 
[0021] 

Figure 1 shows a dual damascene process flow 55 
used for manufacture of integrated circuits having 
copper interconnects and low k dielectric insulating 
layers; 



Figure shows a perspective view of a microwave 
enclosu a for use in a plasma asher; 
Figure c shows a cross sectional view which sche- 
matically shows a plasma asher in which the inven- 
tion can :»e practiced; 

Figure * ehows a perspective view of the plasma 
asher de .cted in Figure 3; and 
Figure £ ^ n graph showing the rate of photoresist 
removai us wafer temperature for various plas- 
ma gas \ . positions. 

Detailed Desr j£I£D 

[0022] The ?; asent invention is directed to a method 
of using an oxvyen free plasma gas composition for re- 
moving photoresist and/or post etch residues from sem- 
iconductor waf ers by means of a non -oxidative chemical 
reaction. The c >:vgen free plasma comprises a hydro- 
gen bearing gn md a fluorine bearing gas. The inven- 
tion is especia* suitable for use with those substrates 
employing cop*:o interconnects and low k dielectric in- 
sulating layers. ..:.w k dielectrics are hereinafter defined 
as those insula^g materials suitable for use in the man- 
ufacture of inteo v.ed circuits or the like having a dielec- 
tric constant les - *nan about 3.5. Low k dielectrics can 
be generally cat* iorized as one of three types: organic, 
porous or dopec oxides. Examples of organic low k di- 
electric materiai: suitable for use in the present inven- 
tion include poly snides, benzocyclobutene, parylenes, 
and fluorocarbor ; Examples of porous low k dielectric 
materials include ^noporous oxides and organic poly- 
mers such as ti ,ti sold under the tradenames NA- 
NOGLASS and r ~^OGEL. Examples of doped oxide 
low k dielectric mortals include hydrogen silsesquiox- 
anes, nanoporouir oxides, organic polymers, and car- 
bon doped silicor dioxides available under the trade 
name CORAL an hybrid materials available under the 
trade name HOS~ Other low k dielectric materials will 
be apparent to one Df ordinary skill in the art in view of 
this disclosure. 

[0023] It has bt ■-. ~ advantageously found that the in- 
ventive method o; :sing the oxygen free plasma for re- 
3nd/or post etch residues on a sub- 
k dielectric layer thereon does not 
: constant of the low k material be- 
ssing. Moreover, it has been found 
that the inventive c^gen free plasma process removes 
or renders water re : >vable silicon containing post etch 
the removal of any photoresist 
es is done in a period of time that 
roughput and device yields. Yet, 
a plasma processes inhibit the ox- 
d copper, thereby lowering electrt- 



moving photoresis 
strate having a lo> 
change the dielec? 
fore and after proc- 



residues. Still furtr 
and/or post etch re^ 
is amenable tohig^ 
still further, oxygen 
idation of any expos - 
cal resistance. 

[0024] The process of manufacturing an integrated 
circuit or the like usually includes at least one step of 
coating a photoresist over a semiconductor wafer. Pho- 
toresists are general organic photosensitive films used 
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for transfer of images to an underlying substrate. The 
present invention is generally applicable to stripping 
those photoresists used in g-line, Mine, DUV, 193nm, 
and I57nm applications. This includes, but is not limited 
to novolaks, polyvinylphenols, acrylates, and cyclic ole- 
fins. Other suitable photoresist formulations will be ap- 
parent to those skilled in the art in view of this disclosure. 
The photoresist may be positive acting or negative act- 
ing depending on the photoresist chemistries and de- 
velopers chosen. 

[0025] Referring now to FIG. 1 (A-l), there is depicted 
a dual damascene process flow commonly used for 
manufacture of integrated circuits having copper inter- 
connects and low k dielectric layers. The illustrated da- 
mascene process is exemplary only. It is understood 
that a variety of processes can be used to integrate cop- 
per and low k dielectrics into the integrated circuit and 
are generally known by those skilled in the art. 
[0026] The damascene process is shown occurring 
on an underlying first metal layer generally designated 
1 0 having a completed metal interconn ect and dielectric 
layer. The first step in the fabrication of each copper in- 
terconnect level is deposition of a thin layer of silicon 
nitride 12 as shown in Figure 1A. The nitride layer acts 
a barrier against diffusion of copper between metal lev- 
els and also serves as an etch stop in a dielectric etch 
process. In Figure 1 B, deposition of a thick low k dielec- 
tric layer 14 immediately follows deposition of the nitride 
etch stop layer. The low k material may have a thin layer 
of oxide on an upper surface. The dielectric layer is pat- 
terned by conventional photo-lithographic techniques 
using a photoresist 16 as a masking material to form the 
vias as shown in Figure 1 C. The photoresist is coated 
onto the low k dielectric layer, patterned by exposure to 
activating energy, and subsequently developed to form 
a relief image. In Figure 1 D, the relief image is then par- 
tially etched into the dielectric layer using conventional 
etching techniques known to those skilled in the art. The 
photo-lithographic process is repeated to form a trench 
layer and subsequently etched as shown in Figures 1 E 
and 1F. As shown in Figures 1G through 11, a copper 
metal deposition process is used to fill the spaces left 
by the etching and stripping processes to form the sec- 
ond metal layer. Current copper deposition techniques 
require the deposition of a barrier layer that also acts as 
a seed layer 17 for subsequent copper deposition as 
shown in Figure 1G. After the copper 18 has been de- 
posited the wafer surface is then planarized typically by 
a chemical and mechanical polishing step. The process- 
es are then repeated and the integrated circuit or the 
like is formed. 

[0027] After each etching step, any photoresist and/ 
or post etch residues remaining needs to be removed 
by stripping so that it does not interfere with any subse- 
quent processing. The inventive stripping process for re- 
moving photoresist and/or post etch residues comprises 
generating an oxygen free plasma from a gas composi- 
tion comprising a hydrogen bearing gas and a fluorine 



bearing gas by exposing the gas composition to an en- 
ergy source capable of forming a plasma of the gas. The 
oxygen free plasma gas generates reactive species that 
selectively react with any photoresist and/or post etch 
5 residues remaining after the etching step to form a vol- 
atile compound. After stripping, the substrate is some- 
times rinsed with deionized water to remove any remain- 
ing residues. The particular components of the oxygen 
free plasma gas are selected by their ability to form a 

10 gas and a plasma at plasma forming conditions. Prefer- 
ably, the components are combined and added to the 
plasma asher as a gas. The oxygen free plasma gas 
reacts with carbon and other atoms in the photoresist 
compounds and post etch residues to form volatile com- 

15 pounds at conditions present in a plasma reaction 
chamber. Moreover, the oxygen free plasma reacts with 
those traditionally hard to remove post etch residues 
that contain silicon embedded in the residue. 
[0028] The fluorine bearing compounds used gener- 

20 ate sufficient reactive species to increase the selectivity 
of the photoresist strip rate to the dielectric etch rates 
on a substrate having photoresist and a dielectric layer 
underlying the photoresist layer. Preferred fluorine bear- 
ing compounds include those compounds that generate 

25 a fluorine reactive species when excited by the plasma. 
Preferably, the fluorine bearing gas is selected from the 
group consisting of a compound having the formula C x _ 
H y F z wherein x ranges from 1 to 4, y ranges from 0 to 9 
and z ranges from 1 to 10, NF 3 , F 2 , and SF 6 . Other flu- 

30 orine bearing compounds will be apparent to one of or- 
dinary skill in the art in view of this disclosure. More pref- 
erably, the fluorine compound is CF 4 or CHF 3 . 
[0029] The hydrogen bearing compounds include 
those compounds that contain hydrogen, for example, 

35 hydrocarbons, hydrofluorocarbons, hydrogen gas or hy- 
drogen gas mixtures. The hydrogen bearing com- 
pounds used are ones that generate sufficient reactive 
species to increase selectivity of the stripping process. 
Preferably, the hydrogen bearing compound is a non- 
40 flammable hydrogen gas mixture with an inert gas such 
as nitrogen. 

[0030] Preferred hydrogen precursor gases are those 
that exist in a gaseous state and release hydrogen to 
form reactive hydrogen species such as free radical or 

45 hydrogen ions under plasma forming conditions. The 
gas may be a hydrocarbon that is unsubstituted or may 
be partially substituted with a halogen such as bromine, 
chlorine or fluorine, or with oxygen, nitrogen, hydroxy! 
and amine groups. Preferably, the hydrocarbon has at 

so least one hydrogen and from one to twelve carbon at- 
oms, and more preferably has from three to ten carbon 
atoms. Examples of suitable hydrogen bearing gases 
include methane, ethane, ammonia and propane. 
[0031] Preferred hydrogen gas mixtures are those 

55 gases that contain hydrogen gas and an inert gas. Ex- 
amples of the inert gas include argon, nitrogen, neon, 
helium or the like. Especially preferred hydrogen gas 
mixtures are so-called forming gases which consist es- 
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sentially of hydrogen gas and nitrogen gas. Particularly 
preferable for use in the present invention is a forming 
gas wherein the hydrogen gas ranges in an amount from 
about 3 to about 5 percent by volume of the total forming 
gas composition due to safety considerations. s 
[0032] The plasma gas composition of the present in- 
vention comprises a mixture of the hydrogen bearing 
compounds and the fluorine bearing compounds. Pref- 
erably, the fluorine compounds are less than about 1 0 
percent of the total volume of the composition to maxi- 
mize etch selectivity. It has been found that when the 
fluorine bearing compounds are greater than about 1 0 
percent by volume, polymerization of the photoresist by- 
products can occur making the photoresist more difficult 
to remove. Moreover, it was unexpected to find the en- 
hanced removal rates when using a fluorine bearing gas 
in combination with a hydrogen bearing gas. Typically, 
the mixing of hydrogen bearing gas with a fluorine bear- 
ing gas results in the formation of hydrogen fluoride 
which is believed to be caused by scavenging of fluorine 
radicals by hydrogen. Hydrogen fluoride in the plasma 
is known to those skilled in the art to lower removal ef- 
ficiency of traditional dielectrics, such as silicon dioxide. 
Thus, it was unexpected to observe an increase in re- 
moval efficiency of residues with low k dielectrics. 
[0033] Selectivity is defined as the relative removal 
rate of photoresist and/or post etch residues compared 
to the underlying layer. It is preferred to have a selectiv- 
ity of at least 10:1 for low k dielectric substrates wherein 
the photoresist and/or post etch residues etch 10 times 
faster than the low k dielectric material. More preferably, 
the etch selectivity is much greater than 10:1 . 
[0034] Heating the wafer during ashing can increase 
the reaction rate between the plasma and the photore- 
sist and/or post etch residues. Preferably, for porous 
and doped oxide low k materials the wafer is heated 
from about 80°C to about 350° C to improve wafer 
throughput. More preferably, the temperature is step- 
wise increased during processing. For example, the wa- 
fer may first be heated to about 180°C to remove or 
render post etch residues water removable, then heated 
to about 240° C for subsequent photoresist volatilization. 
Preferably, for organic low k materials the wafer is heat- 
ed from about 80°C to a maximum of about 180°C. The 
maximum temperature for organic dielectrics is depend- 
ent on the intrinsic properties of the organic low k ma- 
terial used and is easily determined by thermal analysis 
techniques known to those skilled in the art. Still further, 
it has been found that certain post etch residues are 
more easily removed at the lower temperatures. It is be- 
lieved that certain post etch residues undergo a chem- 
ical change at the higher temperatures that makes these 
residues more resistant to stripping. 
[0035] The removal rate can also be further optimized 
as is known to those skilled in the art. For example, the 
plasma chamber pressure can be changed from about 
0.5 torr to about 10 torr, the power can be adjusted from 
about 500W to about 2000W and the total gas flow rates 



10 

can be adjusted from about 500sccm to about 
9000sccm. 

[0036] Plasma asher devices particularly suitable for 
use in the present invention are downstream plasma 
ashers, such as for example, those microwave plasma 
ashers available under the trade name GEMINI ES and 
commercially available from Eaton Corporation. Por- 
tions of the microwave plasma asher are described in 
U.S. Patent Nos. 5,498,308 and 4,341 ,592, and PCT In- 
ternational Application No. WO/97/37055, herein incor- 
porated by reference in their entireties. The invention is 
not limited to any particular plasma asher in this or in 
the following embodiments. For instance, an inductively 
coupled plasma reactor can be used. 
[0037] Referring now to FIGS. 2 and 3 in particular, 
there is depicted a microwave plasma asher which is 
generally designated by reference numeral 20 and is 
suitable for practicing the method of photoresist and/or 
post etch residue removal by treatment with oxygen free 
plasma. The illustrated plasma asher includes a plasma 
generating chamber 21 and a plasma reaction chamber 
22. The plasma generating chamber includes a micro- 
wave enclosure 24. The microwave enclosure is a rec- 
tangular box which is partitioned into lengthwise sec- 
tions 26, 28, and 30 having plasma tube 32 passing 
therethrough. Each partition has an opening through 
which the plasma tube passes. Each section is fed with 
microwave energy. Thus, each section appears to be a 
relatively short cavity to the incoming microwave ener- 
gy, promoting the formation of modes having azithumal 
and axial uniformity. Outer tube 34 surrounds the plas- 
ma tube inside the cavity. The outer tube is slightly sep- 
arated from the plasma tube and air under positive pres- 
sure is fed between the two tubes to provide effective 
cooling of the plasma tube. Tube 34 is preferably made 
of sapphire. Other plasma tube materials such as quartz 
or alumina coated quartz can be used. 
[0038] The openings in the partitions 26, 28, and 30 
through which the concentric tubes are fed are made 
larger than the exterior dimension of the plasma tube. 
There is microwave transmission through such open- 
ings which causes a plasma to be excited in the part of 
the tube that is surrounded by the partition. Such trans- 
mission helps reduce thermal gradients in the plasma 
tube between regions surrounded by partitions and re- 
gions that are not. If an outer tube is not used (cooling 
provided in some other manner) the openings in the par- 
tition are sized so that there is a space between the plas- 
ma tube and the partition to provide such microwave 
transmission. Figure 2 shows the space between the 
outer tube and the partition. 

[0039] Also shown is an iris plate 36 which covers the 
open side of the microwave structure and is effective to 
feed microwave energy into adjacent sections. Plate 36 
is a flat metallic pate having irises 38, 40, 42, 44, through 
which the microwave energy is fed. 
[0040] Microwave traps 46 and 48 are provided at the 
ends to prevent microwave transmission. Such traps 
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may be of the type disclosed in U.S. Patent No. 
5,498,308, which is incorporated herein by reference. 
Air seals/directional feeders 50 and 52 are provided for 
admitting cooling air and feeding it to the space between 
the concentric tubes. Air seals/directional feeder 54 is 
shown at the outlet end and a fourth such unit is present 
but is not seen. 

[0041] Magnetron 56 provides microwave power 
which is fed through coupler 58 to a waveguide supply- 
ing TE 10 mode, having mutually perpendicular sections 
60 and 62. The length of waveguide section 62 is ad- 
justable with moveable plunger 64. The bottom plate of 
waveguide section 62 is iris plate 66, which couples mi- 
crowave energy into partitioned microwave structure 24, 
through which the plasma tube 32 extends; thus a plas- 
ma is excited in the gas flowing through the plasma tube. 
[0042] Referring again to FIG. 3, it is seen that end 
cap 70 abuts microwave trap 48, and fitting 74 having a 
central orifice for admitting gas to the plasma tube ex- 
tends into the end cap. The gas supply is regulated by 
an external flow box (not shown). 
[0043] The plasma tube is supported at this end by 
□cO ring 72 in the end cap. The outer tube 34 is sup- 
ported at its ends by abutment against microwave traps 
46 and 48. Spacer 76 is present to provide the proper 
spacing in relation to the process chamber. The other 
end of the plasma tube is located in end member 78, 
and has an orifice 80 for emitting gas into the process 
chamber. 

[0044] The plasma reaction chamber 22 includes wa- 
fer .support pins 90 and 92, which support wafer 98, to 
be processed. A chuck (not shown) may alternatively be 
used. Heating may be accomplished by an array of tung- 
sten halogen lamps (not shown) positioned below the 
wafer. Preferably, the substrate is heated from about 
80°C to about 350°C during ashing. More preferably, the 
substrate is stepwise heated by incrementally increas- 
ing the temperature. Heating has been found to increase 
the reaction rate of the plasma with the photoresist and/ 
or post etch residues and consequently, increase 
throughput. One or more baffle plates may be present 
above the wafer to promote even distribution of the plas- 
ma to the surface. Additionally, the reaction chamber 
may include a monochromator (not shown) The mono- 
chromator optically detects an emission peak having a 
particular wavelength range that corresponds to the re- 
action product between the plasma and the photoresist. 
[0045] Referring to FIG. 4, an exterior view of the de- 
vice is shown. The reference numerals in Figure 4 cor- 
respond to those which are used in the other Figures. 
[0046] Preferably, the microwave enclosure 24 is di- 
mensioned to support the rectangular TM 110 mode and 
the enclosure 24 may have a square cross section. The 
dimensions of the cross sections are such that the TM n 0 
mode is resonant. The length of each section is less than 
?.g/2 where X g is the guide length within the cavity of the 
TE 104 mode. 

[0047] In operation, the semiconductor wafer 98 with 



12 

photoresist and/or post etch residues thereon is placed 
into the reaction chamber 22 on wafer support pins 90 
and 92. The wafer is preferably heated to accelerate the 
reaction of the photoresist and/or post etch residues 

5 with the plasma. The pressure within the reaction cham- 
ber is reduced. Preferably the pressure is maintained 
between about 1 torr to about 5 torr. An excitable gas 
mixture of the hydrogen bearing gas and the fluorine 
bearing gas is fed into plasma tube 32 of the plasma 

10 generating chamber 21 via a gas inlet 23 (as shown in 
Figure 5). The fluorine bearing gas is preferably less 
than 10 percent of the total gas composition. Each sec- 
tion 26, 28, 30 is fed with microwave energy to excite a 
plasma in the plasma tube, which plasma is comprised 

15 of electrically neutral and charged particles. The 
charged particles are selectively removed prior to the 
plasma entering the reaction chamber It is believed that 
the excited or energetic atoms of fluorine (atomic fluo- 
rine) and hydrogen (atomic hydrogen) are fed into the 

20 reaction chamber and react with the photoresist and/or 
post etch residue. A principal reaction product, methane 
gas, evolves and is monitored optically by the mono- 
chromator. The methane gas is continuously swept 
away by a gas sweep within the reaction chamber. The 

25 monochromator detects the emission peak of methane. 
Once the emission peak reaches a minimum the remov- 
al of photoresist and/or post etch residues is complete 
and the plasma is turned off. Alternatively, the plasma 
may be run for a predetermined time. This has been 

30 found to be particularly useful for removing post etch 
residues from the substrate wherein the photoresist re- 
maining after etch is minimal. It has been found that the 
emission peak is not be easily detected if a sufficient 
quantity of photoresist is not present. It is believed that 

35 a detectable emission peak is primarily derived from the 
reaction between the plasma and the photoresist. A 
deionized water rinse is then used to remove any re- 
maining residue on the stripped wafer. The vacuum is 
then released and the processed wafers are removed 

40 from the reaction chamber. 

Example 1 . 

[0048] In the following example, a DUV photoresist 
45 was coated onto multiple hexamethyldimethylsilane 
treated silicon wafers at 3000 rpm. The photoresist is 
available under the trade name UV5-1.0 and commer- 
cially available from Shipley Company. After softbaking 
each wafer for 45 seconds at 130°C on a vacuum hot- 
so plate a tack free photoresist film was obtained having a 
thickness of about 10,000 angstroms. The photoresist 
film was then exposed to microwave plasma using a Fu- 
sion Gemini ES Plasma Ashe r available from Eaton Cor- 
poration. The plasma chamber power was set at 1 800W 
55 with a chamber pressure of 1 .5 torr. The wafers were 
divided into two sets of three wafers. One set of wafers 
were individually exposed to a plasma generated from 
forming gas with a gas flow rate of 3500 seem. The other 
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set of wafers were individually exposed to a plasma gen- 
erated from a mixture of forming gas and CF 4 . The gas 
flow rate for the forming gas was 3400 seem and the 
CF 4 gas was 100 seem. The forming gas used was a 
mixture of hydrogen and nitrogen gases wherein the hy- & 
drogen gas was 5 % by volume of the total forming gas 
mixture. The wafer temperature was varied from 180°C 
to 300°C. Plasma ashing rates were determined by 
measuring film thickness of the photoresist before and 
after ashing. 10 
[0049] Figure 5 shows a graph depicting the photore- 
sist removal rate versus substrate temperature for two 
different gas plasmas. The results indicate that the mix- 
ture of forming gas with CF 4 gave the fastest ashing 
rates compared to the use for forming gas only. Increas- ts 
ing wafer temperature increased the ashing rate of the 
photoresist by the plasma. The data demonstrates that 
high throughput is obtainable with the oxygen free plas- 
ma process for stripping photoresist from silicon wafers. 

20 

Example 2. 

[0050] As illustrated by this example, a significant ad- 
vantage of the preferred oxygen free plasma process 
according to the invention is the high selectivity on low 25 
k dielectric materials. Carbon doped silicon dioxide wa- 
fers available from Novellus Corporation underthe trade 
name CORAL were coated with photoresist as in Exam- 
ple 1 . The power setting of the GEMINI ES plasma asher 
was 1 800 W with a chamber pressure of 3.0 torr. Form- 30 
ing gas was flowed at a rate of 3500 seem. The forming 
gas used was a mixture of hydrogen and nitrogen gases 
wherein the hydrogen gas was 5% by volume of the total 
forming gas mixture. The coated wafers were heated to 
300° C and exposed to the plasma. The photoresist re- 35 
moval rate was determined to be about 4000 angstroms 
per minute. Uncoated wafers were exposed under the 
same conditions and the low k dielectric material was 
found to be removed at about 143 angstroms per 
minute. Selectivity is determined from a ratio of the re- 40 
moval rates for each substrate. Thus, the ashing selec- 
tivity is 4000/1 43 or greater than 25:1 . Consequently, in 
this example, the photoresist will be removed 25 times 
faster than the dielectric material. 

45 

Example 3. 

[0051] In the following example, carbon doped silicon 
dioxide wafers available from Novellus Corporation un- 
der the trade name CORAL were coated with photore- so 
sist as in Example 1 and exposed to a different plasma 
generated under the same conditions as in Example 2. 
The plasma was generated from a mixture of forming 
gas and CF 4 . The gas flow rate for the forming gas was 
3400 seem and the CF 4 gas was 1 00 seem. The forming ss 
gas used was a mixture of hydrogen and nitrogen gases 
wherein the hydrogen gas was 5 % by volume of the 
totaJ forming gas mixture. The ashing rate of the pho- 
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toresist was determined to be about 8700 angstroms per 
minute. The ashing rate of CORAL was determined to 
be about 449 angstroms per minute. Thus, the ashing 
selectivity of the photoresist to CORAL was about 20:1 . 
The higher ashing rate observed with the mixture of 
forming gas with CF 4 indicates that a higher reactivity is 
obtained by including a fluorine bearing gas in the gas 
mixture. The higher reactivity of the plasma with the pho- 
toresist translates into improved throughput. 
[0052] Moreover, it was unexpected to obtain the en- 
hanced removal rates when using the fluorine bearing 
gas in combination with the hydrogen bearing gas. Typ- 
ically, the mixing of a hydrogen bearing gas with a fluo- 
rine bearing gas results in the formation of hydrogen flu- 
oride which is believed to be caused by scavenging of 
fluorine radicals by hydrogen. Hydrogen fluoride in the 
plasma is known to those skilled in the art to lower re- 
moval efficiency of traditional dielectrics, such as silicon 
dioxide. Thus, it was unexpected to observe an increase 
in removal efficiency of photoresist and/or residues in 
the presence of low k dielectrics. 
[0053] The foregoing description of the preferred em- 
bodiments of the invention have been presented for pur- 
poses of illustration and description. It is not intended to 
be exhaustive or to limit the invention to the precise 
forms disclosed. Obvious modifications or variations are 
possible in light of the above teachings. The embodi- 
ments were chosen and described to provide the best 
illustration of the principles of the invention and its prac- 
tical applications to thereby enable one of ordinary skill 
in the art to utilize the invention in various embodiments 
and with various modifications as are suited to the par- 
ticular use contemplated. All such modifications and 
variations are within the scope of the invention as de- 
termined by the appended claims when interpreted in 
accordance with the breadth to which they are fairly, le- 
gally and equitably entitled. 



Claims 

1. A method for removing photoresist 16 and/or post 
etch residues from a substrate 98 comprising: 

a. placing at least one substrate 98 having pho- 
toresist 1 6 and/or post etch residues thereon 
into a wafer processing chamber 22; 

b. forming a reactive species by generating a 
plasma in the absence of oxygen wherein a gas 
for generating said plasma comprises a hydro- 
gen bearing gas and a fluorine bearing gas; and 

c. removing the photoresist 16 and/or the etch 
residues including sidewall polymer deposi- 
tions by exposing the substrate to said reactive 
species wherein said reactive species are es- 
sentially electrically neutral. 

2. The method according to claim 1 wherein said flu- 
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orine bearing gas is selected from the group con- 
sisting of a compound having a formula C x H y F 2 
wherein x ranges from 1 to 4, y ranges from 0 to 9 
and z ranges from 1 to 10, NF 3 , F 2 , and SF 6 . 

3. The method according to claim 1 wherein said hy- 
drogen bearing gas is selected from the group con- 
sisting of a hydrocarbon, hydrofluorocarbon, hydro- 
gen gas and a hydrogen gas mixture. 

4. The method according to claim 3 wherein said hy- 
drogen gas mixture comprises a forming gas com- 
prising nitrogen and hydrogen gas wherein said hy- 
drogen gas is in an amount from about 3 percent to 
about 5 percent by volume of the forming gas. 

5. The method according to claim 1 wherein said sub- 
strate 98 comprises an insulating layer 12. 

6. The method according to claim 1 wherein said sub- 
strate 98 comprises a material having a low k die- 
lectric constant. 

7. The method according to claim 6 wherein said low 
k dielectric is selected from porous materials and 
doped oxide materials. 

8. The method according to claim 6 further comprising 
heating said substrate 98 from a range of about 

■„ 80°C to about 350°C. 

9. ~ The method according to claim 7 wherein said low 

k dielectric is organic. 

10. The method according to claim 9 further comprising 
heating said substrate 98 from a range of about 
80°Cto about 180°C. 

11. The method according to claim 6 wherein a dielec- 
tric constant of said low k dielectric remains sub- 
stantially constant before and after removing said 
photoresist 16 and said post etch residues. 

12. The method according to claim 1 comprising react- 
ing said reactive species of said plasma with said 
photoresist 16 and said post etch residues to pro- 
duce volatile aikanes. 

1 3. The method according to claim 1 2 wherein said vol- 
atile aikanes comprise methane gas. 

14. The method according to claim 1 wherein said flu- 
orine bearing gas is less than about 10 percent by 
volume of the total plasma gas. 

15. The method according to claim 1 comprises gener- 
ating said plasma by microwave to produce electri- 
cally neutral and charged particles, removing said 



charged particles from said plasma and reacting 
said electrically neutral particles with said photore- 
sist 16 and said post etch residues. 

s 16. The method according to claim 1 wherein an etch- 
ing selectivity of said plasma between the photore- 
sist 16 and/or post etch residues, and the substrate 
98 is greater than about 10 to 1 . 

10 17. An ashing method for stripping photoresist 16 and/ 
or post etch residues from a semiconductor wafer 
98; said method comprising: 

a. placing said semiconductor wafer 98 having 
15 said photoresist 1 6 and said post etch residues 

into a reaction chamber 22; 

b. generating a plasma by subjecting a gas con- 
sisting essentially of a hydrogen bearing gas 
and a fluorine bearing gas to microwaves 

20 wherein" said plasma contains both electrically 

neutral species and charged particles; 

c. removing said charged particles from said 
plasma; and 

d. ashing the organic residue on said semicon- 
25 ductor wafer by exposing said wafer 98 having 

the photoresist 1 6 and the organic residue ther- 
eon to said electrically neutral species. 

18. The ashing method of claim 17 wherein said gas 
30 plasma is created in a plasma generating chamber 

21 adjacent said reaction chamber 22, and said 
electrically neutral species are caused to flow out 
of said plasma generating chamber 21 and into said 
reaction chamber 22 through at least one baffle 
35 plate between the plasma generating chamber 21 
and the reaction chamber 22. 

19. The ashing method of claim 18 wherein said sub- 
strate 98 is placed within said reaction chamber 22 

40 such that the organic residue reacts only with said 
electrically neutral species flowing through said baf- 
fles during ashing. 

20. The ashing method of claim 17 further comprising 
45 heating said wafer 98 from about 80°C to about 

350°C. 

21 . The ashing method of claim 1 7 wherein said fluorine 
bearing gas is selected from the group consisting a 

50 compound having the formula C x H y F z wherein x 
ranges from 1 to 4, y ranges from 0 to 9 and z ranges 
from 1 to 10, NF 3 , F 2 , and SF 6 . 

22. The method according to claim 17 wherein said hy- 
55 drogen bearing gas is selected from the group con- 
sisting of a hydrogen, hydrocarbon, hydrofluorocar- 
bon, and a hydrogen gas mixture. 
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23. The method according to claim 17 wherein said 
plasma is oxygen free. 

24. The method according to claim 17 wherein said flu- 
orine bearing gas is less than about 10% by volume 
of the total plasma gas. 

25. An ashing method for stripping photoresist 16 and/ 
or removing post etch residues from a low k dielec- 
tric layer 14; said method comprising selectively 
ashing the photoresist 1 6 and/or post etch residues 
to form methane gas as a principal ashing reaction 
product. 



hydrogen bearing gas is selected from the group 
consisting of a hydrogen, hydrocarbon, hydrofluor- 
ocarbon, and hydrogen gas mixture. 

5 36. The composition according to claim 33 wherein said 
fluorine bearing gas is less than about 10 percent 
by volume of said gas composition. 

37. The composition according to claim 35 wherein said 
10 hydrogen gas mixture comprises hydrogen gas in 
an amount ranging from about 3 to about 5 percent 
of the total forming gas composition. 



26. The ashing method of claim 25 further comprising is 
the step of rinsing with de ionized water. 



27. The ashing method of claim 25 wherein said ashing 
comprises subjecting a plasma gas to microwaves 
to generate a reactive species wherein said plasma 20 
gas consists essentially of a hydrogen bearing gas 
and a fluorine bearing gas. 



28. The ashing method of claim 25 wherein said low k 
dielectric layer is heated in a range from about 80°C 25 
to about 350°C. 



29. The ashing method of claim 27 wherein said hydro- 
gen bearing gas is selected from the group consist- 
ing of a hydrogen, hydrocarbon, hydrofluorocarbon, 30 
and a hydrogen gas mixture. 



30. The ashing method of claim 27 wherein said fluorine 
bearing gas is selected from the group consisting 

of a compound having the formula C x H y F z wherein 35 
x ranges from 1 to 4, y ranges from 0 to 9 and z 
ranges from 1 to 10, NF 3 , F 2 , and SF 6 . 

31 . The method according to claim 27 wherein said flu- 
orine bearing gas is less than about 1 0% by volume *o 
of the total plasma gas. 



32. The method according to claim 27 further compris- 
ing heating said substrate from a range of about 
80°C to about 350°C °C. 45 



33. An oxygen free, plasma gas composition for strip- 
ping photoresist 16 and/or post etch residues con- 
sisting essentially of a hydrogen bearing gas and a 
fluorine bearing gas. so 

34. The composition according to claim 33 wherein said 
fluorine bearing gas is selected from the group con- 
sisting of a compound having the formula C x H y F z 
wherein x ranges from 1 to 4, y ranges from 0 to 9 ss 
and z ranges from 1 to 10, NF 3 , F 2 , and SF 6 . 

35. The composition according to claim 33 wherein said 
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(57) A method for stripping photoresist 1 6 and/or re- 
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lectric layer 14 of a semiconductor wafer 98 in the pres- 
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ating an oxygen free plasma by subjecting an oxygen 
free gas to an energy source to generate the plasma 
having electrically neutral and charged particles. The 
charged particles are then selectively removed from the 



plasma. The electrically neutral particles react with the 
photoresist 1 6 and/or post etch residues to form volatile 
gases which are then removed from the wafer 98 by a 
gas stream. The oxygen free, plasma gas composition 
for stripping photoresist 16 and/or post etch residues 
comprises a hydrogen bearing gas and a fluorine bear- 
ing wherein the fluorine bearing gas is less than about 
1 0 percent by volume of the total gas composition. 
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